Infection of chicken embryo fibroblasts by Rous sarcoma virus induces a variety of alterations in cellular growth and morphology. We have used two-dimensional polyacrylamide gel electrophoresis to examine the effects of viral transformation on the pattern of synthesis and phosphorylation of cellular polypeptides. Infection by Rous sarcoma virus does not appear to induce the de novo synthesis, or the complete Transformation of fibroblasts by DNA or RNA tumor viruses results in many changes in cellular morphology and metabolism (1). In Rous sarcoma virus (RSV), these changes occur in response to the expression of a single viral gene, src. The product of this gene has recently been identified as a phosphorylated polypeptide, Mr 60,000, denoted pp6Osrc (2-4). The finding that pp60src is associated with protein kinase activity (3, 4) suggests that some or all of the effects of the src gene may be mediated by the phosphorylation of cellular polypeptides. Several proteins, such as fibronectin, collagen, glucose transport proteins, and hyaluronic acid synthetase, are present in altered quantities in transformed cells (1). This suggests that the initial phosphorylation event leads to an altered pattern of polypeptide synthesis in the transformed cell.
Transformation of fibroblasts by DNA or RNA tumor viruses results in many changes in cellular morphology and metabolism (1) . In Rous sarcoma virus (RSV), these changes occur in response to the expression of a single viral gene, src. The product of this gene has recently been identified as a phosphorylated polypeptide, Mr 60,000, denoted pp6Osrc (2) (3) (4) . The finding that pp60src is associated with protein kinase activity (3, 4) suggests that some or all of the effects of the src gene may be mediated by the phosphorylation of cellular polypeptides. Several proteins, such as fibronectin, collagen, glucose transport proteins, and hyaluronic acid synthetase, are present in altered quantities in transformed cells (1) . This suggests that the initial phosphorylation event leads to an altered pattern of polypeptide synthesis in the transformed cell.
To investigate the effects of transformation on the synthesis and phosphorylation of cellular polypeptides, we have used two-dimensional polyacrylamide gel electrophoresis to examine the radiolabeled polypeptides of chicken embryo fibroblasts infected either with nondefective (nd) RSV or with transformation-defective (td) or temperature-sensitive (ts) mutants. Our results indicate that in chicken fibroblasts transformation induces some quantitative changes, but no qualitative changes, in the pattern of synthesis of these polypeptides. Transformation does, however, induce the phosphorylation of a 36,000 Mr polypeptide. The kinetics with which this polypeptide becomes phosphorylated after transformation suggest that it may be directly phosphorylated by the pp60src-associated kinase.
MATERIALS AND METHODS Cells and Viruses. C/E chicken helper factor-negative fibroblasts were prepared from embryonated eggs 
&
The distribution of labeled polypeptides is qualitatively very similar in lysates of tdRSV-infected and ndRSV-infected cells (Fig. 1) To estimate the fraction of the cellular polypeptides whose synthesis is increased or decreased after transformation, we examined the effects of transformation on the relative labeling intensity of 983 well-resolved polypeptides. Two separate infections were carried out with nd and tdPR-A, and two with nd and tdSR-A; two separations were carried out with each lysate. Inspection of autoradiograms from these experiments indicates that of these polypeptides, 25, or 2.5%, showed increases in relative labeling intensity in both PR-A-and SR-Ainfected cells, while 17, or 1.7%, showed decreases in relative labeling intensity. Examples of these changes are shown by circles or squares in Fig. 1 (17) can be detected (square, Fig. 2A) ; the pattern of labeling is otherwise similar to that of uninfected cells. When the phosphorylated polypeptides of ndRSVtransformed cells were examined, the overall pattern of phosphorylation was similar to that of nontransformed cells; as expected from the results obtained with [a`S]methionine, a fraction of these polypeptides (approximately 6%) showed changes in relative labeling intensity. However, two sets of phosphorylated polypeptides appear either de novo or in greatly increased quantities in ndRSV-infected cells: these are indicated by arrowheads in Fig. 2B . One of these phosphorylated polypeptides appears as a streak at 60,000 Mr and covers a region containing several minor polypeptides in uninfected cells. Several pieces of evidence, which will be presented elsewhere (18) , suggest that this 60,000 Mr streak represents pp6OsrC. The other phosphorylated polypeptide that is present in greatly increased quantities in ndRSV-transformed cells appears as a spot of 36,000 Mr (large arrowhead, Fig. 2B ). This species comigrates with a 36,000 Mr polypeptide present in [3sS]methionine-labeled lysates of ndRSV-transformed cells (large arrowhead, Fig. 1B ). The 36,000 Mr polypeptide cannot be immunoprecipitated by rabbit tumor sera that recognize pp60srC (8) , implying that it is not a cleavage product of pp6osrc. When autoradiograms of the phosphorylated polypeptides of uninfected cells were exposed for longer periods, a faint spot could be detected at this position, suggesting that the phosphorylated polypeptide is present at low concentrations in uninfected cells and that it is of cellular rather than viral origin. Phosphorylation of a polypeptide involves the addition of an acidic group and thus alters its mobility in the first dimension (10, 19, 20) . We presume, therefore, that the 36,000 Mr polypeptide detected by [32p]_ orthophosphate or [s5S]methionine labeling results from phosphorylation of a more basic polypeptide. In addition, a less intensely labeled 36,000 Mr species appears at a more acidic position in lysates of 32P-labeled transformed cells (small arrowhead, Fig. 2B) ; this may represent a modification of the major 36,000 Mr species.
Kinetics of Phosphorylation. To examine the relationship between the appearance of the 36,000 Mr polypeptide and the expression of the src gene, we examined the kinetics of appearance of this phosphoprotein in cells infected by a temperature-sensitive mutant tsLA29. Cells infected by this mutant are phenotypically normal at 41'C, but transform when shifted to 350C. Cells infected by tsLA29 at 410C were labeled with [82P)orthophosphate in order to label the ATP pool. The cells were then shifted to 350C and lysates were prepared at 20 min, 40 min, and 4 hr after the shift. The lysates were analyzed as described previously; the results are shown in Fig. 3 .
The phosphorylated 36,000 Mr polypeptide is barely detectable at 41'C (Fig. 3B) ; it is clearly detectable 20 min after the temperature shift (Fig. 3C) , and the intensity of labeling increases progressively at later times (Fig. 3 D and E) . The minor, more acidic, form of the 36,000 Mr polypeptide is detectable in cells labeled for 4 hr after the temperature shift (small arrowhead, Fig. 3E ). These changes do not occur in tdPR-A-infected cells shifted from 410C to 350C (Fig. 3A) , indicating that they do not represent a cellular response to the temperature shift. We conclude that the 36,000 Mr polypeptide becomes phosphorylated at very early times in the process of transformation. Other changes that occur in tsLA29-infected cells shifted from 41'C to 350C, such as the loss of fibronectin or the increase in the uptake of glucose analogs, can be detected only after a lag of several-hours (21) . The phosphorylation of the 36,000 Mr polypeptide therefore represents the earliest cellular alteration detectable in these temperature-shift experiments.
Transformation by Avian Acute Leukemia Viruses. To determine if the 36,000 Mr polypeptide becomes phosphorylated in cells transformed by agents other than RSV, we examined the 32P-labeled polypeptides of fibroblasts transformed by the acute leukemia viruses, MC29 and AEV. These viruses lack the src gene of RSV (22) , and fibroblasts transformed by these viruses are phenotypically different from those transformed by RSV (23) .
The 36,000 Mr phosphoprotein is not present in quantities greater than in uninfected cells among the 32P-labeled polypeptides of a clone of quail fibroblasts (clone 8) transformed by MC29 and superinfected with RPV (Fig. 4A) , although it is present in increased abundance in a clone of quail fibroblasts (UV5-C5) producing RSV (Fig. 4B) . Similarly, the 36,000 Mr phosphoprotein is not present in increased quantities in chicken fibroblasts transformed by MC29(RPV) (data not shown). These results indicate that an increased abundance of the 36,000 Mr phosphorylated polypeptide is not necessary for transformation of avian fibroblasts -by MC29.
When we examined the phosphoproteins of AEV(RAV 1)-transformed chicken fibroblasts derived from a colony selected in soft agar (Fig. 4C) , we found that the 36,000 Mr phosphoprotein is present in greater abundance than in uninfected cells or in RAV 1-infected cells, but in lesser abundance than in cells transformed by RSV. We obtained the same result by using chicken fibroblasts transformed after a mass infection by AEV(RAV 1) (data not shown). Thus, transformation by AEV does result in enhanced levels of phosphorylation of the 36,000 Cell Biology: Radke and Martin 5216 Cell Biology: Radke and Martin Mr polypeptide, but not to the extent found in RSV-transformed cells. When lysates were mixed, the 36,000 Mr polypeptide from AEV-transformed fibroblasts comigrated with the 36,000 Mr polypeptide from RSV-transformed fibroblasts (data not shown), implying that the two are identical. These observations reinforce the conclusion that this polypeptide is of cellular origin and is structurally unrelated to pp6Osrc since AEV lacks the src gene and does not induce cellular src-related sequences (22) .
The findings reported here indicate that changes in protein phosphorylation represent very early events in the process of transformation by RSV. The rapidity with which the 36,000 Mr phosphoprotein appears after transformation by RSV suggests that the polypeptide may be directly phosphorylated by the pp60src-associated kinase activity. Additional observations, which will be reported elsewhere (18) , are consistent with this idea: like pp60OsC, the 36,000 Mr polypeptide is cytoplasmic; it becomes phosphorylated in cells infected by tsLA29 and shifted from 41'C to 350C evet when protein synthesis is inhibited by cycloheximide; its continued phosphorylation requires continued activity of pp6OsrC. Alternatively, it is possible that the 36,000 Mr polypeptide is phosphorylated as a secondary consequence of pp6OsTc function. Further experiments are necessary to distinguish between these possibilities.
